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KEYWORDS Abstract Background: Surgical masks (SMs) are used to reduce bacterial shedding from the 

Hospital-acquired mouth, nose and face. This study aimed to investigate whether SMs may be a potential source 
infection; of bacterial shedding leading to an increased risk of surgical site infection. 

Surgical mask; Methods: Bacterial contamination of the SMs was tested by making an impression of the 

Surgical site infection external surface of the mask on sterile culture media immediately. We investigated the differ- 


ence in bacterial counts between the SMs worn by surgeons and those placed unused in the 
operating room (OR), and the bacterial count variation with indicated wearing time. Moreover, 
the difference in bacterial counts on the external surface between the first and second layers 
of double-layered SMs was also assessed. 

Results: The bacterial count on the surface of SMs increased with extended operating times; 
significant difference was found between the 4- to 6-hour and O-hour groups (p < 0.05). When 
we analysed the bacterial counts from the same surgeon, a significant increase was noted in 
the 2-hours group. Moreover, the bacterial counts were significantly higher among the surgeons 
than the OR. Additionally, the bacterial count of the external surface of the second mask was 
significantly higher than that of the first one. 

Conclusions: The source of bacterial contamination in SMs was the body surface of the sur- 
geons rather than the OR environment. Moreover, we recommend that surgeons should change 
the mask after each operation, especially those beyond 2 hours. Double-layered SMs or those 
with excellent filtration function may also be a better alternative. 





Abbreviations: CDC, Center for Disease Control; CFU, Colony-Forming Unit; HAI, Hospital-Acquired Infection; SM, surgical mask; SSI, surgical 
site infection; TJA, Total Joint Placement. 
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The translational potential of this article: This study provides strong evidence for the identi- 
fication that SMs as source of bacterial contamination during operative procedures, which 
should be a cause for alarm and attention in the prevention of surgical site infection in clinical 


practice. 


© 2018 The Authors. Published by Elsevier (Singapore) Pte Ltd on behalf of Chinese Speaking 
Orthopaedic Society. This is an open access article under the CC BY-NC-ND license (http:// 
creativecommons.org/licenses/by-nc-nd/4.0/). 


Introduction 


Hospital-acquired infections rank among the top 10 leading 
causes of hospital deaths in the United States, and surgical 
site infections (SSIs) contribute to more than 20% of them 
[1]. It is estimated by the Center for Disease Control and 
Prevention that 2.7% of surgical procedures are compli- 
cated by SSI [2]. It is generally accepted that SSI is one of 
the most common and costly postoperative complications 
leading to increased morbidity, mortality, length of stay, 
hospital readmission and hospital costs [2—4]. Particularly 
in orthopaedics, SSI after total joint placement (TJA) can 
be devastating and a costly complication [5,6]. Moreover, 
an increasing number of TJAs are performed yearly [7], the 
rate of which has been estimated to range from 0.2% to 2% 
[8]. Given its heavy economic burden on the patient and 
health-care system [9], it is of utmost importance to find 
ways to reduce SSI. 

Prevention of SSIs is a goal of surgeons in the operating 
room (OR); controlling airborne contamination and 
reducing microbial shed from personnel may help decrease 
the incidence of SSIs. Controlling airborne contamination is 
not difficult, especially if a laminar flow system of venti- 
lation is present, which can significantly purify the air and 
reduce bacterial load [10,11]. In addition, a proper surgical 
attire, including the use of surgical gowns, sterile gloves, 
surgical hats and masks to the maximum extent, prevents 
microbial shed from the surgical personnel [12,13]. The 
surgical attire aims to provide a functional barrier between 
the surgical team and patient. However, the efficacy of the 
surgical attire, such as surgical masks (SMs), in preventing 
SSI is often unclear [12]. Given that the overall prevalence 
of SSIs is low, a large number of participants or procedures 
must be included for a study to prove the efficacy of a 
particular intervention; thus, many of the current practices 
have limited literature support [14]. 

The present study discusses the role of SMs as potential 
sources of bacterial load, contaminating the surgical work 
area. For example, a previous study has evaluated the 
effectiveness of different headgears in preventing airborne 
contamination and demonstrated that bouffant hats cannot 
be considered superior and may be a source of contami- 
nation (hats) [15]. We hypothesised that SMs, as a tool for 
reducing the bacterial shedding from the mouth, nose and 
face, may become a potential contamination sources when 
worn for an extended period of time. Thus, this study 
aimed to answer the following three questions: (1) does the 
mask get contaminated if the wearing time is extended? (2) 
what is the source of contamination of the mask surface, 
surgical personnel or airborne contamination? and (3) will 


higher filtration reduce external surface contamination of 
masks? 


Materials and methods 


The study was performed in the OR. The study team con- 
sisted of four surgeons, a student and a microbiologist. The 
Student cultivated the bacteria in the agar plate and 
counted the colony-forming units (CFUs). In this experi- 
ment, a single-blind was used, wherein the student did not 
know which group the SMs are from. 

Forty cases of TJA were enrolled in this study. We 
divided the total surgical procedures into the following 
groups: 0- to 2-hours, 2- to 4-hours, 4- to 6-hours and no SM- 
used groups. After TJA, the SMs were put into sterile bags 
and submitted to the student. The surfaces of the SMs were 
cut, on an average, into three parts, and an impression was 
made on the sterile agar plate on a clean bench and incu- 
bated for 48 hours in an aerobic humid atmosphere at 37°C. 
The CFUs were then counted. We investigated the degree 
of contamination of SMs at different surgical stages, and 
the difference of bacterial counts between the SMs worn by 
surgeons and those unused in the OR. We also assessed the 
difference in the counts between the surfaces of single- 
and double-layered SMs. 


Statistical analysis 


The results are expressed as the mean + standard devia- 
tion. Statistical differences were analysed using one-way 
analysis of variance followed with Dunnett post hoc 
test; “*” indicates a significant difference (p < 0.05), 
and “**” indicates a highly significant difference (p < 0.01). 


Results 


The area of sampling is shown in Figure 1. With wearing 
time extension, an increasing trend can be seen in the CFUs 
from the surface of SMs (Fig. 2A). Owing to the high varia- 
tion, significance was only identified between the O-hour 
and 4- to 6-hours groups (Fig. 2B). However, when we 
extracted the data separately and compared the CFUs from 
the surface of SMs used by the same surgeon, significant 
differences in CFU counts were observed among all 
extended wearing time groups (Fig. 3). These results 
demonstrated that the contamination of the SM surface 
worsens with wearing time extension. Meanwhile, a high 
variation existed among different surgeons. 
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Figure 1 
plate. 


Impression of mask sampling on the sterile agar 


Furthermore, between surgeon-wearing and OR posi- 
tioned groups, more CFUs from the surface of SMs were 
identified in the surgeon-wearing group (Fig. 4A and B). A 
significant difference could be identified in the 2-hours 
group, but not in the 4-hours group (Fig. 4C). These re- 
sults demonstrated that the contamination of the SM sur- 
face more likely came from the surgeons themselves. With 
wearing time extended, the OR atmosphere could be 
another contamination source. 

In addition, the mean of CFUs isolated from the first 
layer mask (close to the face) was higher compared to the 
second layer (far from the face) in double-layered SMs 
(Fig. 5). It is notable that the mean of CFUs isolated from 
the first layer did not have a small dispersion (Fig. 5A and 
B). When comparing the double-layer masks used by the 
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Figure 3 Mask contamination within indicated wearing times 


for the same surgeon. (A) Analysis of the CFUs. (B) p values. 
CFUs = colony-forming units. 


same surgeon, the number of CFUs isolated from the first 
layer was higher compared to the second layer (Fig. 5C). 
These results demonstrated that double-layered SMs, which 
have higher filtration, could significantly reduce the surface 
contamination in operating work areas. 
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Wearing Time (H) 


Tukey's multiple comparisons test Significant? Summary Adjusted P Value 


0 vs. 0-2 No ns 0.3773 
0 vs. 2-4 No ns 0.0962 
0 vs. 4-6 Yes “ 0.0016 
0-2 vs. 2-4 No ns 0.8431 
0-2 vs. 4-6 No ns 0.0607 
2-4 vs. 4-6 No ns 0.2676 


Figure 2 Mask contamination within indicated wearing times for four surgeons. (A) Representative CFUs on the agar plate; (B) 


analysis of the CFUs; (C) p values. 
CFUs = colony-forming units. 
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Figure 4 Mask contamination from the masks used by sur- 
geon and unused masks in the OR. (A) Representative CFUs on 
the agar plate. (B) Analysis of the CFUs. (C) p values. 
CFUs = colony-forming units; OR = operating room. 


Discussion 


An increasing number of TJAs are performed yearly in or- 
thopaedic departments. SSI is the most common compli- 
cation associated with TJA, which results in a heavy 
economic burden on the patients and health-care system 
[16,17]. Therefore, finding measures to reduce SSI is of 
utmost importance. The laminar flow system of ventilation 
and surgical attire have been used during surgical proced- 
ures in the OR over the past several decades. Over the past 
50 years, the surgical attire has remained relatively un- 
changed. This uniform has traditionally been thought to 
play two roles: to protect scrubbed personnel from expo- 
sure to body fluids and to maintain the sterility of the 
surgical field. However, whether the measures in the pre- 
vention of bacterial shed from the surgical personnel can 
become the source of bacterial contamination is worth 
being discussed. Here, we report that the SMs may be the 
potential sources of bacterial contamination with the pro- 
gression of surgical procedure (Supplemental Figure 1). 
Generally, bacterial contamination has been used as an 
adjunct measure of SSI, commonly measured by airborne or 
settled CFU counts [12]. 

In this present study, we firstly examined the bacterial 
contamination of SMs with various wearing time in the OR. 
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The SMs were collected from four surgeons, and the mean 
number of CFUs showed an increased trend with extended 
wearing time, yet without significance. However, when we 
analysed the data within the same surgeon, significance 
could be identified almost between any two groups. Thus, 
we concluded that the SMs were clean before wearing and 
get contaminated once they were used, and the contami- 
nation became more severe with extended wearing time in 
the OR. Meanwhile, high variation in this assay might be 
because of the different hygienic practices among the 
Surgeons. 

This identification raised another question on whether 
the bacteria of the SMs came from the surgeon shed or from 
air-borne contamination. To answer this question, surgeons 
who wore SMs were categorised in the surgeon-wearing 
group, while those SMs placed separately in the OR at the 
same time were classified as OR positioned groups (parallel 
control). The results showed that the masks from the sur- 
geon groups had more CFUs than those in the OR groups. 
Interestingly, it is notable that a significance could be 
identified in the 2-hours group than in the 4-hours group. 
Thus, we concluded that the bacteria on SMs was more 
likely from the surgeon rather than from the OR air-borne 
contamination, especially in the early period. 

Furthermore, now that SMs could bear more bacteria 
with extended wearing time and could become the source 
of shed-induced infection during operation, masks with 
higher filtration might be an effective tool to reduce 
bacterial contamination. To verify this hypothesis, sur- 
geons were asked to wear two SMs simultaneously. Masks 
closed to the faces were named the first layer, and the 
outer layer masks were named as the second layer. The 
present results indicated that the CFUs significantly 
declined in the second masks, which means that the 
double-layered masks significantly reduced the contami- 
nation of the external surface of SMs. Thus, we concluded 
that wearing double-layered SMs might be an effective, 
low cost and easy measure in the prevention of bacterial 
shedding during operations. 

In summary, the topic of SMs in the OR has been 
controversial. The scientific study to support the OR pol- 
icies surrounding this topic is marginal. The purpose of this 
study was to investigate whether the SMs is a potential 
source of bacterial shedding, which may lead to the un- 
derstanding of the causes of SSI. Based on our research, we 
mainly draw three conclusions: (1) SMs could be the source 
of bacterial shedding with extended wearing time; thus, we 
recommend that surgeons must change his/her mask in 
every operation interval; (2) bacteria on the external sur- 
face of the SMs are more likely from surgeons, which might 
be related to the surgeons’ hygienic practices; thus, we 
recommend that surgeons must give more emphasis on 
face-mouth cleanliness and personal hygiene and (3) high- 
filtration masks, such as double-layered masks, could be an 
effective measure in reducing mask contamination. 

Indeed, although a direct correlation between mask and 
SSIs has not been proven in the literature, the theory of 
aseptic technique is founded on the premise that a reduc- 
tion in bacterial contamination will reduce the prevalence 
of SSI. Moreover, as the saying goes: “Do not think any 
virtue trivial, and so neglect it; do not think any vice trivial, 
and so practice it”. Especially in TJA operations, taking 
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Figure 5 
(D) p values. 
CFUs = colony-forming units. 


effective measures to limit SSI is still of utmost importance. 
We hope that our study could attract more attention and 
research on the risk factors of SSI. 

There were several limitations in this study that should 
be noted. First, the external surface of mask was the re- 
gion of interest; however, the sampling operation could 
increase the risk of cross-contamination. We carefully 
collect the used-masks, make sure that only the region of 
interest get in touch with sterile culture media and try our 
best to reduce the risk of cross-contamination. Meanwhile, 
we strictly adhere to the protocol of sampling operation to 
ensure the consistency and reliability. In addition, we also 
realise that there are likely numerous brands of masks that 
are made of different materials. Some of these might 
perform better than others in preventing microbial shed. 
Comparing specific brands of masks was beyond the scope 
of this study and could be considered for additional 
studies. 
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Mask contamination from double-layered masks. (A) Representative CFUs on the agar plate; (B, C) analysis of the CFUs; 


Appendix A. Supplementary data 


Supplementary data related to this article can be found at 
https: //doi.org/10.1016/j.jot.2018.06.002. 
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